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Abstract 
 
 
This thesis summarizes the study of integrated photonic spatial switching and wavelength 
filtering/switching devices realized with polymer materials. It includes the proposed novel switching 
architecture and the design, fabrication, and realization of the high-performance photonic devices. This 
thesis is composed of six chapters: Chapter I. Introduction, Chapter II. Theory of Photonic 
Components, Chapter III. Device Design and Simulation Study, Chapter IV. Fabrication Methods and 
Results, Chapter V. Device Characteristics, and Chapter VI. Summary.  
Chapter I introduces optical communications and how this industry has evolved coming into 
the 21th century. The basic goal is clear: to transmit information between any two points or users using 
systems of optical components replacing electronic components wherever possible. These photonic 
network components, including photonic spatial and wavelength switches or filtering devices, are 
present to transmit, manipulate, and receive optical data. The aim of this thesis is to demonstrate some 
of these devices using polymer materials with the emphasis on cost-efficiency, low power consumption, 
and practicality for future ecological and economical systems. This chapter also gives a brief 
introduction to polymer materials, their optical properties, and their application to photonic devices 
such as interconnects and switching devices. The thermo-optic effect is utilized for switching since it is 
a low cost, practical, and efficient method to fit the need of various spatial and wavelength switching 
requirements. This chapter ends by making a comparison between polymers and other photonic 
materials for the application of photonic devices.  
 Chapter II investigates the theory behind the photonic devices studied in this thesis including a 
new switching architecture, optical couplers, Bragg gratings for wavelength filtering, and switching 
based on the thermo-optic effect. This chapter begins with the novel design of a nested rings switching 
architecture called the multimode interference ring switch. This architecture is compared with other 
available architecture by discussing various advantages such as possible reduction of number of 
switching elements, reduction of cross-over connections, uniform path loss difference, and feedback 
functionality. From there, individual elemental switches are designed by first modeling waveguide 
modes and optical propagation characteristics through waveguide couplers emphasizing on multimode 
interference couplers. Single spatial switches can be realized by phase modulating a specific region in 
these waveguides to be considered as elemental switches in a large network of switches. This chapter 
also describes the theory of wavelength manipulating Bragg grating waveguide filters to be applied for 
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fabrication. Here, a novel technique of grating filter design termed the comprehensive phase matching 
method is introduced. This chapter concludes by describing the theory of phase modulation by the 
thermo-optic effect and comparing the latest spatial switches. 
 Chapter III provides the eigen mode expansion simulation study for the designed devices of 
this thesis. The simulated devices include the multimode interference, Mach-Zehnder interferometer, 
and sub-mW spatial switches as well as the waveguide grating filter and switch. The multimode 
interference switch can operate with 6mW of power consumption while this value can also be reduced 
to 4mW and 0.178mW for the Mach-Zehnder interferometer and the sub-mW switches, respectively. 
Aside from ultra-low power consumptions, other commending characteristics such as polarization 
independence and fabrication tolerance also emerged. The results from utilizing the comprehensive 
phase matching method are demonstrated with high spectral transmission contrasts of greater than 
60dB for polymer grating filters, which are normally considered to be capable of low contrasts due to 
the low refractive indices. Finally, wavelength switching is described with a very low power 
consumption of 12mW for a wavelength tuning range of nearly 7nm. 
 Chapter IV describes the detailed fabrication process for the spatial switches and the 
waveguide filter using the one-step nanoimprint method. Initially, the material choices of SU-8 and 
polydimethyl glutarimide and the various high-end fabrication equipments are introduced. The crucial 
processes of contact lithography, metal deposition, etching, and nanoimprint are then discussed in detail 
along with fabrication evidences. The fabrication procedures for the multimode interference, 
Mach-Zehnder interferometer, and sub-mW switches following are described with photo evidences of 
the successful results. This chapter ends by describing the details of the three-dimensional mold-mask 
fabrication process before it can be utilized to imprint nano-sized grating structures.   
 Chapter V outlines the optical measurement results of the fabricated devices. The multimode 
interference switch is demonstrated to operate with a power consumption of 8.9mW and a low crosstalk 
of -23dB while the Mach-Zehnder switch is demonstrated with the lowest reported to date power 
consumption of 3.5mW with a crosstalk of less than -25dB. The latter device shows polarization 
independent and broadband characteristics while operating with fast responses of less than 200s. The 
fabricated wavelength filtering device is demonstrated with filter contrasts greater than 20dB as well as 
42dB in separate devices. These grating wavelength filters are presented with resonances near the 
designed values while operating with polarization independence. 
 Chapter VI summarizes the thesis, draws important conclusions from the results, and discusses 
future possibilities of polymer photonics and the impact of the methods, designs, and devices originated 
from this work. These original contributions and their impacts are listed below. 
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1. New Switching Architecture – Multimode Interference Ring Switch (Section 2.1) 
- Designed for optical integration 
- Reduction of the number of switching elements 
- Multi-directional accessibility, low path loss difference, and others.   
2. Waveguide Grating Design – Comprehensive Phase Matching (Section 2.4.1 and Section 3.3) 
- Two-dimensional phase matching 
- Maximize wavelength filter contrast 
- High filter contrasts achievable with low refractive index materials 
3. Ultimate Low Power Consumption Switch – Sub-mW Spatial Switch Design (Section 3.2.3) 
- Power consumption down to 0.18mW capable of -50dB crosstalk 
- Practical low thickness device maintaining polarization independence 
4. Waveguide Guide Grating Fabrication - One-Step Nanoimprint Technique (Section 4.7) 
- Simultaneous fabrication of waveguide and nano-sized grating patterns 
- Easy, fast, and accurate method 
- High throughput fabrication 
5. Lowest Power Consumption Polymer Switch – Fabricate Mach-Zehnder interferometer switch 
(Section 5.2.2) 
- Lowest reported to date (3.5mW) 
- Compact, polarization independent, high-speed, broadband device 
6. Compact Polymer Switch – single multimode interference coupler switch (Section 5.2.1) 
7. High Contrast Polymer Waveguide Grating Filter – 42dB contrast (Section 5.3)   
 
 
